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TRANSLATION of Japanese Patent Publication No. 59-109365 

Title of the Invention: Print inspection apparatus 

Publication Date: June 25, 1984 

Utility Model Application: No. 57-219660 

Filing Date: December 15, 1982 

Applicant: Toppan Printing Co., Ltd. 

SPECIFICATION 

1. Title of the Invention 

Print inspection apparatus 

2. Scope of Claim for a Patent 

(1) A print inspection apparatus characterized by 
comprising three lasers for emitting laser beams having 
three different types of wavelengths for illuminating the 
print, a synthesis means for synthesizing the laser beams 
from said three lasers, a scanning means for scanning the 
surface of the print conveyed by the synthesized laser 
beam, a photoelectric conversion means for converting the 
light reflected from the print to an electric signal for 
each wavelength of said three types of laser beams, and a 
signal processing circuit for inspecting the print based on 
the three types of the electric signals obtained from said 
photoelectric conversion means. 

(2) The print inspection apparatus as set forth in claim 1, 
characterized in that said three lasers include a laser for 
emitting a laser beam having the wavelength in the range of 
4 00 nm to 500 ran, a laser for emitting a laser beam having 
the wavelength in the range of 500 nm to 600 nm and a laser 
for emitting a laser beam having the wavelength in the 
range of 600 nm to 700 nm. 

(3) The print inspection apparatus as set forth in claim 2, 
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characterized in that said three lasers include a He-Cd 
laser, an Ar laser or a Kr laser and a He-Ne laser. 

(4) The print inspection apparatus as set forth in claim 1, 
characterized by comprising a first polarization means for 
making only the P component of the laser for scanning the 
surface of said print, and a second polarization means for 
shielding the P component of the light reflected from the 
print . 

(5) The print inspection apparatus as set forth in claim 1, 
characterized in that said photoelectric conversion means 
is formed of a combination of a filter means for 
transmitting the light having only three sets of specified 
wavelength and a photoelectric conversion element. 

3 . Detailed Description of the Invention 

This invention relates to a print inspection apparatus 
for detecting a fault of a print by comparing the state of 
the print being printed in a printing machine with a 
reference state in line. 

In the prior art, the inspection of a print mainly 
resorts to the visual sense of a human being off line. 
This is attributable to the fact that the pattern is varied . 
from one print to another and the inspection items of the 
print are considered to constitute the problem items having 
so delicate a difference that the visual sense of the human 
being is unavoidably resorted to for distinction. in 
another trend of the prior art, the strobe illumination is 
synchronized with the printing speed or a print is judged 
in the form of a still image using a mirror rotated 
synchronously at high speed as a trial to meet the demand 
to evaluate the print in process. These means, however, 
are not regarded as a system called an inspection machine 
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as long as they are also dependent on the visual sense of 
human being . 

On the other hand, an apparatus for inspecting the 
print automatically in line has recently been proposed. An 
example is Japanese Patent Application No. 55-1051 entitled 
"Print Inspection Apparatus". This apparatus is intended 
to detect the whole surface of a print by plural devices 
arranged for illuminating and detecting a part of the 
print. 

This apparatus, which inspects the whole width of the 
printing paper with plural detection devices, however, 
increases the scale of the detection devices uneconomically 
in an application to a printing machine having a large 
width. Also, the fact that plural detection devices each 
having a considerable size are arranged cannot reduce the 
inspection spot area, thereby making accurate inspection 
impossible. Further, the use of a considerable number of 
detection devices makes it difficult to secure a uniform 
characteristic of the detection devices, thereby leading to 
the disadvantages of a detection error between the 
detection devices and an unstable tolerable range of 
inspection. 

Accordingly, it is an object of the invention to 
obviate the disadvantages of the conventional print 
inspection apparatus described above and provide an 
apparatus simple in structure and high in accuracy for 
inspecting the whole surface of the print in line. 

This invention is described below. 

According to this invention, there is provided a print 
inspection apparatus comprising a means for optically 
scanning the whole surface of a pattern of a print on a 
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printing machine, a photoelectric conversion means for 
converting the pattern information of the print to an 
electric signal , an arithmetic means for comparing the 
electric signal with a reference signal, and a means for 
processing a faulty print based on a fault signal obtained 
as the result of the comparative arithmetic operation . 

Fig, 1 shows the state in which the print inspection 
apparatus according to the invention is mounted on the 
printing machine. A case of installation in a sheet-feed 
printing machine is shown. In the case where the apparatus 
is installed in a rotary press, however, both surfaces are 
required to be inspected, and therefore two print 
inspection devices are arranged on the front and the back 
surfaces, respectively. 

The last printing unit and subsequent units of the 
sheet-feed printing machine are shown in Fig. 1, and the 
printing units before the last printing unit are not shown. 
The printing paper (15) already printed in a number of 
colors (three colors for the four-color printing machine, 
and five colors for the six-color printing machine) is 
conveyed to the last printing unit (16) through a transfer 
cylinder (1). In the last printing unit (16), the ink 
corresponding to the pattern of the printing plate (not 
shown) mounted on a printing cylinder (4) is transferred to 
a blanket cylinder (3) under the printing pressure applied 
to the printing paper by a pressure cylinder (2). In the 
process, the rotation of the pressure cylinder is monitored 
by a timing detection unit (10), and a sampling start 
timing signal (12) is generated when the printing paper 
held by the holding hook is passed under a printing paper 
detection unit (9) . Based on this timing signal, the 
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printing paper detection unit (9) begins to read the 
pattern on the printing paper and transfers the detection 
signal (11) to the processing circuit (13) . In the 
processing circuit , the reference signal indicating that 
the pattern is normal is stored in a memory, and the 
detection signal is compared with the reference signal 
while at the same time executing such processes as 
differentiation and integration* In the case where the 
result of fault judgment shows that a fault exists,, an 
error signal (14) is transferred. As the processes based 
on the error signal (14), the cause of the error may be 
displayed, the faulty print may be automatically marked 
with an error indication or the faulty print may be 
automatically removed, though not described in detail here. 
On the other hand, the printing paper is conveyed by the 
chain (6) through the paper removing cylinder (5) and 
formed into a stack of prints (8) in a delivery unit. 

By mounting this print inspection apparatus on the 
conventional printing machine, a faulty print can be 
detected on the printing machine. Therefore, any faulty 
print which may occur can be quickly processed, while at 
the same time preventing the intrusion of a faulty print. 
Thus, the load on the worker is reduced while at the same 
time advantageously eliminating the manual inspection in 
subsequent processes. Especially, a great advantage is 
achieved in that a faulty print can be processed so quickly 
that the number of faulty prints caused by water or oil 
leakage or foul can be reduced for an improved production 
efficiency. 

Next, this invention is explained in detail with 
reference to an embodiment. Fig. 2 shows the configuration 
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of an embodiment of the invention. In the last printing 
unit, the print (15) is conveyed in the state held by the 
holding hook (17) on the pressure cylinder (2) . Under this 
condition, the print has been printed in all the colors and 
is required to be inspected. 

Referring to the timing detection unit (10), a timing 
protrusion (18) is formed on the shaft of the pressure 
cylinder (2) in phase with the holding hook (17) , and a 
proximity sensor (19) for detecting the timing protrusion 
(18) is arranged in phase with the print detection unit 
(9) - Upon detection of the passage through the timing 
protrusion (18) by the proximity sensor (19), the timing 
signal (12) is transferred and the print begins to be 
inspected based on the timing signal. This timing 
detection unit (10) is not limited to the proximity sensor 
but may employ such a means as a rotary encoder. In the 
print detection unit (9), the laser beams having three 
types of wavelengths oscillated by the laser (20) are 
synthesized by a mirror group (21), and scanned on the 
print by the scanning system (22) in the direction 
perpendicular to the direction of conveyance, so that the 
reflected light is received and converted into an electric 
signal by the photoelectric conversion element (23) . This 
detection signal (11) is transferred to the processing 
circuit for error discrimination. In the process, the 
print detection unit (9) is covered with a shield box (24) 
to exclude the effect of the external light. 

Next, the print detection unit (9) according to this 
embodiment is explained with reference to the detailed 
model diagram of Fig. 3. As a light source for scanning 
the print, three types of lasers for emitting the laser 
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beams of three types of wavelength are used. Specif ically, 
the lasers having the three types of wavelength in the 
ranges of 400 to 500 nm, 500 to 600 nm and 600 to 700 nm 
are used and designated as the B laser (21), the G laser 
(26) and the R laser (25), respectively. These lasers are 
used by reason of the fact that the print is printed with 
the ink of four types Y, M, C and B of which 
representative values are employed, and therefore , three 
types of lasers are considered sufficient- The He-Ne laser 
(wavelength 633 nm) may be used as the R laser, the Ar 
laser (wavelength 515 nm) may be used as the G laser, and 
the He-Cd laser (wavelength 4 42 nm) may be used as the B 
laser. In addition, the Kr laser having the wavelength of 
531 nm may be used as the G laser. Nevertheless, the 
lasers are not limited to those described in this 
embodiment, and any laser representing each wavelength area 
may be used. 

The light of each wavelength oscillated from each 
laser is synthesized into one laser by a prism 28 and a 
half mirror 29. This optical system may be other synthesis 
means such as a combination of a half mirror and a mirror. 
The laser beam thus synthesized is polarized only into the 
component by the polarization filter (30) constituting a 
first polarization means and reduced to a spot form by a 
collimator lens (35) for scanning the print. Such means as 
a beam splitter may be used for polarization into the P 
component . 

Then, the laser beam is polarized based on the 
oscillation signal from the driver (32) by a galvano mirror 
(31) and scans the print. This polarization scanning means 
is not limited to the galvano mirror but may be such a 



- 7 - 



29/12 08 15:45 FAX +41 21 343 40 50 ABREMA ©023 

> 



means as a rotary mirror or an AO polarizer. The laser 
beam reflected on the print is received by photomultipliers 
(34a), (34b), (34c) through polarization filters (33a) , 
(33b) , (33c) making up second polarization means and 
interference filters (36a), (36b), (36c), and the resulting 
detection signal (11) is transferred to the processing 
circuit- In the process, the polarization filter is for 
shielding the P component and transmitting only the S 
component in order to exclude the effect that the 
reflection from the ink surface may have on the print (15), 
and the interference filters (36a), (36b), (36c) transmit 
only the light of each wavelength corresponding to the 
three types of lasers so that the photomultipliers (34a), 
(34b), (34c) can receive only the reflected light of each 
wavelength corresponding to the three types of lasers and 
output the detection signals for each of the R, G and B 
components. In place of the interference filters, color 
filters such as the Wratten filters may be used. Also, the 
Si photodiode or the like may be used in place of the 
photomultiplier as a photoelectric conversion element. 

Further, without using the interference filters, three 
types of elements having a characteristic highly sensitive 
to each wavelength area may be used as the photoelectric 
conversion element. Figs. 4(a), (b) are model diagrams for 
explaining the scanning on the print and the corresponding 
detection signal, respectively. In the model diagram of 
Fig. 4(a) for explaining the scanning on the print, the 
scanning is made in the direction B at right angles to the 
direction A in which the printing paper is fed. In view of 
the fact that the printing paper is conveyed, the whole 
surface of the printing paper can be scanned. Also, the 
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surface of the print is scanned using an elliptic spot a in 
Fig. 4(a), to which the invention is not limited and a 
circular spot may alternatively be used. The problem is 
how many sampling points are required over the whole 
surface with respect to the scanning speed. Normally , no 
problem is posed by the pitch of 1 to 2 m/m and spots may 
be superposed one on another* Although the first sampling 
start signal is obtained by the proximity sensor or the 
rotary encoder described above, it is necessary, in keeping 
with the change in printing speed, for the rotary encoder 
to generate the timing pulse of the start point of each 
scan or to change the spot scanning speed by feeding back 
the printing speed. As an example, let the printing speed 
of the sheet-feed printing machine be 1.8 m/s and the 
sampling pitch in the printing direction be 20 m/m. Then, 
the scanning speed is given as 90 Hz. Also, the point 2S 
in the model diagram of Fig. 4(b) showing the detection 
signal designates the start point of the detection signal 
produced by scanning on the second row. 

Next, the processing circuit for detecting a fault of 
the print from the aforementioned detection signal is 
explained. 

Fig. 5 is a block diagram showing the detection signal 
processing circuit according to an embodiment. As shown in 
Fig. 3, the output signal of the photoelectric conversion 
element is input to the A/D converters {40), (41)., (42) as 
the R detection signal (37), the G detection signal (38) 
and the B detection signal (39), respectively, for the 
three primary colors of the light. In the process, the 
sampling signal for the A/D conversion element, based on 
the signal from the timing detection unit (10) shown in 
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Fig. 2 and the signal from the printing speed detection 
unit (not shown) , is digitized according to the sampling 
signal (43) generated by the sampling signal generating 
circuit (44) f stored in the buffer memories (48a) , (48b), 
(48c) and transferred to the comparator circuits (50a), 
(50b) , (50c) . 

In each comparator circuit f the sampling signals are 
compared, in an arithmetic operation, with the reference 
signals stored in the reference signal memories (49a) , 
(49b) , (49c). The reference signals are fetched, for 
example, in such a manner that in order to fetch the 
detection signal of the normal print in the normal printing 
mode, the operator inputs the normal print instruction from 
the operation keyboard (47) . Then, the reference fetch 
signal (57) is sent from the CPU (4 6) and the digital data 
transferred from the buffer memories (48a), (48b), (48c) to 
the comparator circuits (50a) , (50b) r (50c) are stored in 
the reference signal memories (49a) , (49b), (49c). The 
compare operation includes the simple subtraction or the 
operation through a differentiation circuit or an 
integration circuit. 

The output signal subjected to the compare operation 
is transferred to the error detection circuits (52a) , 
(52b), (52c), and an error is checked for at the level of 
the threshold signal (55) set by the threshold level 
generating circuit (51) based on the signal from the CPU 
(4 6) . An error generated for R, G, B is identified by the 
RGB error synthesis circuit (53), and an error signal (56) 
is sent to the CPU. Based on this error signal, the error 
occurrence is notified to the error display circuit (54), 
so that the error can be displayed or the faulty print can 
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be marked or removed as required. 

Also, since the error for each color of R, G, B can be 
detected, the error synthesis circuit (53) converts the R, 
G, B signal into the Y, M, C, R signal using the well- 
known formula. In this way, a particular printing color in 
which the error has occurred can be identified. 

The present invention is described in detail above 
with reference to the embodiments shown in the drawings. 
Nevertheless,, this invention is not limited to these 
embodiments at all and can be modified variously without 
departing from the spirit of the invention. 

According to this invention, as described above , the 
single light source and the single detection mechanism are 
obtained for the three primary colors R, G, B of the light, 
and therefore, the inspection can be conducted in stable 
and accurate fashion on the one hand while at the same time 
advantageously simplifying the apparatus configuration 
including the control means . 
4. Brief Description of the Drawings 

The drawings show an embodiment of the invention, in 
which Fig. 1 is a diagram for explaining the state in which 
the print inspection apparatus according to the invention 
is mounted on the last printing unit of the sheet-feed 
printing machine; Fig. 2 a diagram for explaining the 
general configuration thereof; Fig. 3 a diagram 
schematically showing the print detection unit; Figs. 4(a), 
4 (b) diagrams showing the state in which the surface of the 
print is subjected to the inspection sampling and an 
example of the sampling signal obtained thereby, 
respectively; and Fig. 5 a block diagram of the signal 
processing circuit. 
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(9) Print detection unit 

(10) , • • .Timing detection unit 
(13) . . . .Signal processing circuit 
(20) Laser 

(22) Scanning system 

(23) • . . .Photoelectric conversion element 
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